MATERIALS AND METHODS
Bacterial strains. Twenty-three B. melaninogenicus strains were isolated from gingival crevice deposits and identified to subspecies as follows: melaninogenicus (10), asaccharolyticus (10) , and intermedius (3). They were identified according to the criteria in Bergey's Manual (9) . These strains were examined for the production of growth-inhibitory substances.
The susceptibility of various species of oral bacteria to the purified melaninocin was examined using the following strains: S. mutans Ingbritt, S Assay of inhibitory activity of melaninocin. Melaninocin activity was assayed by the method described earlier (6) . The number of melaninocin activity units per milliliter was defined as the reciprocal of the highest dilution that gave clear zones of growth inhibition of the indicator strain, B. melaninogenicus SM- 1. Preparation of crude extracts. Cells of B. melaninogenicus were harvested by centrifugation at 15,000 x g for 15 min, washed three times with 0.1 M phosphate buffer (pH 7.0), and suspended in the same buffer. To obtain a starting material for purification of melaninocin, the cell-free extracts were prepared by ultrasonic treatment as described earlier (6) .
Measurement of molecular weight. The molecular weight of melaninocin was determined by Sephadex G-200 gel filtration using the method of Andrews (1) .
Polyacrylamide gel electrophoresis. To examine the purity of the samples, polyacrylamide gel electrophoresis was carried out using 7 (6) . RESULTS
Incidence of production of inhibitor by B. melaninogenicus. Growth inhibition by cellfree extracts of B. melaninogenicus was examined on agar plates, using 23 strains as both producer and indicator strains (Fig. 1 ). As shown in Table 1 , 13 strains produced growth inhibitor effective against at least one of the spectrum of strains. No inhibitory activity was shown in homologous combinations between producers and indicators. Among the tested strains listed in Table 1 , strain NM-2 formed the clearest and widest inhibition zones. Therefore, NM-2 was chosen for the producer strain of the inhibitor, designated melaninocin, in the further studies.
Examination of the cellular localization of melaninocin within the cells and on the cell surface was carried out. In the culture supernatants, no significant activity was detected. In the extracts taken from the intact cells by 1 M NaCl or 8 M urea solution, no inhibitory activity was detected. Only ultrasonic treatment at 9 kHz for 20 min liberated a sufficient amount of melaninocin. About 60 to 70% of the activity obtained with ultrasonication could be recovered from the intact cells by hand-grinding in a mortar with aluminum powder.
Purification. Purification of melaninocin began with cell-free extracts of NM-2 cells from a 12-liter culture (about 65 g, wet weight, of cells). Melaninocin was precipitated by adding ammonium sulfate at 70% saturation, and the mixture was stirred for 4 h at 40C. The precipitate was collected by centrifugation at 10,000 x g for 15 min, dissolved in the appropriate volume of 0.1 M phosphate buffer, and dialyzed against 2 liters of this buffer with several changes of the buffer. When this sample was applied to a column (2. by 35 cm) of diethylaminoethyl-cellulose (DE-32) equilibrated with 0.1 M phosphate buffer (pH 7.0), melaninocin was found to pass through the column without absorbing the cellulose and was recovered in the washes of the column. The active fraction was collected, concentrated by a rotary evaporator at 300C, and dialyzed against phosphate buffer containing 0.2 M NaCl. The melaninocin fraction from the column was purified further by gel filtration on a Sephadex G-200 column (2.6 by 91 cm). A typical elution pattern is illustrated in Fig. 2 . Two main peaks of ultraviolet absorption emerged from the column, and the activity was found in the later peak of the protein. This fraction was combined, concentrated, and dialyzed against 0.1 M phosphate buffer (pH 7.0). This was the final purified melaninocin sample.
The overall purification of melaninocin is summarized in Table 2 . As shown in Fig. 3 , polyacrylamide gel electrophoresis of the purified melaninocin showed a major band with very minor protein bands behind it. The position of the major band in the gel coincided with the melaninocin activity as confirmed by bioassay (6) .
Stability. Purified melaninocin was fully destroyed by heating at 650C for 10 min. No significant reduction in activity upon storage at -20°C for several months was observed. Melaninocin was quite sensitive to the action of trypsin, pronase, and chymotrypsin. Digestion with these enzymes caused complete loss of activity. Lysozyme, lipase, catalase, deoxyribonuclease, and ribonuclease had no effect.
Amino acid composition. The amino acid composition of melaninocin is presented in Table 3 . Lysine, aspartic acid, glutamic acid, and alanine were predominant in the constituent amino acids.
Molecular weight. The molecular weight was estimated by gel filtration on Sephadex G-200 with several standard proteins. An apparent molecular weight of about 105,000 was determined.
Spectrum. A number of oral indigenous bacteria were tested for sensitivity to melaninocin. The sensitive bacteria were B. melaninogenicus, A. viscosus, A. naeslundii, S. mitis, S. salivarius, B. oralis, and B. ochraceus. On the other hand, S. mutans, F. nucleatum, V. alcalescens, B. matruchotii, P. acnes, and C. parvum were resistant. Although melaninocin was effective against B. melaninogenicus, melaninocin-producing strains were not inhibited. DISCUSSION Knowledge of growth inhibition by B. melaninogenicus has been limited to hematin pro- duced by this species (13) . In another species of Bacteroides, the scarcity of reports on bacteriocins and bacteriocin-like substances is striking. Booth et al. (2) investigated bacteriocin production by fecal Bacteroides strains and the role of these strains in the ecology of the colon. The bacteriocin appeared to have a high molecular weight (2300,000). Its activity was inactivated by proteases but was extremely thermostable. Mossie et al. (12) reported that the bacteriocin of B. fragilis had a rather low molecular weight (13,500 to 18,700) and was thermolabile. Its mechanism of killing was determined to be the arrest of RNA synthesis.
The properties of melaninocin were quite dif- ferent from both Bacteroides bacteriocins in several points, including molecular weight and cellular localization of bacteriocins. Melaninocin activity was detected within the cells but not in extracellular fluids, like acnecin of Propionibacterium acnes (6) and sanguicin of Streptococcus sanguis (7) . Furthermore, the active substance could be extracted with neither 1 M NaCl nor 8 M urea solution, indicating that melaninocin molecules may not lie on the cell surface (5) .
Although the mechanisms for the resistance of the producer cells to melaninocin still remain to be investigated, immune mechanisms to endogenous bacteriocin may exist, as in the case of colicin (10, 16) and cloacin (4, 15) .
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